Abstract-There are certain areas that have risks that require doing some measurements. A typical area is sanitary landfill site where there is need to monitor gas concentration periodically even after it has been closed for many years. In this paper, we will develop a sensing system having the ability to measure the gas concentration in a landfill site, and we will focus on the type of gas distribution with respect to the gas emission source. Also, we will try to present a method to prove that our sensing system will be reliable.
I. INTRODUCTION
It is necessary to dispose of household, commercial and light industrial waste and there are several technologies employed to handle this waste, often this waste is buried and the two most common ways are:
• Dump: An open hole in the ground, whereby waste is piled on top without any care to prevent infestation from vermin, nor groundwater contamination. A dump is often confused with a landfill site.
• Landfill: A carefully designed structure, either built over ground or set into the ground, whereby waste is isolated to prevent groundwater contamination, by way of a bottom liner and a daily covering of soil is applied to prevent infestation from vermin. The municipal solid waste landfill site is the modern ubiquitous means of disposal [1] [2] [3] [4] . Residents living in close proximity to landfill sites are at greater risk of adverse health effects, such as certain types of cancers, birth defects and low birth weight. Multiple site studies and research focusing on individual landfill sites have correlated a risk with residing close to a landfill site. Many residents living near to a landfill consistently report health symptoms such as headaches, sleepiness and fatigue. However, it is difficult to conclude if these symptoms are psychosomatic, relating to the stress and fear of living near to a landfill, or if these symptoms are due to some toxicological exposure, or maybe just the result of reporting bias [5, 6] . Microorganisms living in landfill sites digest our waste and break down the decaying matter into simple hydrocarbons and other gases. The gas emitted from landfill sites usually comprises of sixty percent methane, the remaining forty percent is mostly carbon dioxide with trace amounts of carbon monoxide, hydrogen, sulfides, ammonia, oxygen, nitrogen, and non-methane organic compounds (NMOCs) such as vinyl chloride, benzene, and trichloroethylene [1, 2] . Due to the human risk who live near the landfill as well as its effects on the environment, it is mandatory to the landfill management to carry out periodical tests [7, 8] , which are considered as difficulties that face the landfills companies to enter inside the landfill monthly and measure gases concentrations using the traditional gas measuring equipment [1, 9] . The risks that may be attacked the workers are: flammable, exposure and poisonous hazards [1] . It is important to ensure that the methane gas concentration distribution depends on the source of emission, otherwise the system will give the measurement for wrong position of emission.
II. QUADCOPTER
Robots nowadays are widely used in many applications [10, 11] . One type of robots is the quadcopters which are highly maneuverable aerial vehicles, which are capable of vertical take-off and landing. Hence, it is a widely-used platform for work in various, often hazardous environments [12] . The recent trend to adopt quadrotor drones is because of their simple control, small size and high maneuverability [13] . They significantly being used for search and rescue; emergency response [13, 14] ; military surveillance; homeland security; search and destroy; surveillance and border patrols applications [15] . Moreover, there is a multitude of other potential applications, such as earth sciences, where they can be used to study climate change, volcanic activity, glacier dynamics, and atmospheric changes [13] . Since the quadcopter has high maneuverability and can be applied in risky environment, hence in this paper a quadcopter sensing system is developed and presented which ensures that the distribution of the methane gas depends on the source of emission. Furthermore, a sensing method is developed and proven to be reliable.
III. SYSTEM DESIGN
We developed sensing system for methane gas concentration detection and measurement. We implemented it in real test as prototype in the laboratory. Our system consists of sensing system equipped on the quadcopter body, sensing system fixed on the tips of a number of sticks as well as ground station for monitoring and storing the results. Fig.1 shows the components used and the block diagram of developed sensing system. 
IV. METHODOLOGY
In order to prove that the distribution of methane gas and its concentration depend on the source of emission, and to prove quadcopter sensing system measurement is reliable, we will follow the following sequence as shown in Fig.2 . The development of quadcopter sensing system and design of the number and distribution of portable ground sensors were explained in the previous section. Both sensing systems were calibrated using the calibration device model IQ1000 which is shown in Fig.3 . Fig.3 . The calibration device model IQ1000. This is followed by the construction of a prototype landfill site by installing 12 sticks, a gas source, four fans to spread the gas as shown in Fig.4 . Portable methane gas sensors were then fixed on the tip of the 12 sticks as shown in Fig. 5 . During the implementation, the wind speed, temperature and the humidity of the site were 2km/h, 36°C and 75% respectively. The procedure of the implementation as follows:
• Opening the gas source.
• Running the four fans to spray the gas.
• Read and store the value of the methane gas concentration for 12 positions.
• Flying the quadcopter and measure and store the values of the methane gas concentration over the 12 positions as shown in Fig. 6 . Fig. 6 . Flying the quadcopter within the prototype landfill.
V. RESULTS
Methane gas concentration values for the 12 positions were acquired by the two methods, that is by ground sensors and by the quadcopter sensing system. The results of these measurements are shown in Table I . Also, a 3-D plot of the results of Table I are shown in Fig.7 and Fig.8 . From Fig.7 we notice that the concentration of methane gas increases as we get forward toward the source. Also, in this paper we found a method to prove that our sensing system is reliable by comparing the methane gas concentration measuring values of Table I between the ground sensors and quadcopter sensing system.
VI. CONCLUSION
In this paper, we successfully developed a sensing system for measuring the methane gas concentration and can be applied in landfill site. Also, in this paper we proved that the methane gas concentration distribution is not random, but it depends on the source position. Finally, we innovated a method to prove that our sensing system is reliable.
